IMPORTANCE Depression and obesity are 2 prevalent disorders that have been repeatedly shown to be associated. However, the mechanisms and temporal sequence underlying this association are poorly understood.
associated with various chronic diseases such as diabetes mellitus, hypertension, dyslipidemia, cancer, and respiratory and osteoarticular diseases. [4] [5] [6] [7] [8] [9] Obesity could also be one explanation for the approximately doubled risk for cardiovascular disease (CVD) 10 and cerebrovascular diseases and the excess mortality among depressed individuals. 2 Accordingly, gaining a better understanding of the mechanisms underlying the association between MDD and obesity is of high clinical and scientific relevance.
Although cross-sectional studies have consistently documented a strong association between obesity and depressive disorders or depressive symptoms, 11 the direction of this association and its underlying mechanisms are still poorly understood. Prospective studies have revealed contradictory findings regarding the sequence of onset of depression and obesity. 12, 13 These inconsistent results could be due to the large heterogeneity of depression as well as to methodologic variance across studies including sample selection, the length of follow-up, and the assessment of depression and obesity. A major limitation of previous prospective studies, which also likely contributes to inconsistent findings, was the use of inaccurate measures. A recent review of population-based studies on the prospective association between obesity and depression could only identify 3 of 15 studies that included measured weight and height as well as direct diagnostic interviews to elicit standardized criteria for depression. 13 However, these 3 studies were restricted to adolescents and did not provide evidence showing an association between depression before the age of 15 years and obesity in young adulthood. The other studies used self-reported weight and height or assessed depressive symptoms using rating scales, which generally do not allow characterization into depression subtypes and do not take into account the frequent occurrence of comorbid mental disorders or past psychopathology. Because of the large heterogeneity of depression in terms of symptom manifestations, course, and response to pharmacologic treatment, 14, 15 studying subtypes of depression is likely to be a more promising approach than studying depression as a whole with respect to cardiovascular risk. Four studies that subdivided depression according to the presence or absence of atypical features, such as increased appetite and hypersomnia during depressive episodes, showed that participants with these features had a higher body mass index (BMI, calculated as weight in kilograms divided by height in meters squared) than other individuals with depression or those who had never been depressed. [16] [17] [18] [19] However, the cross-sectional design of 3 of these studies 16, 17, 19 impeded drawing conclusions regarding the direction of causality, whereas the population-based prospective Zurich Cohort Study revealed a trend for a positive association between atypical depression and the average rate of weight gain over 20 years. 18 Moreover, most of the previous studies assessing the association between depression and obesity were restricted to BMI as an adiposity measure, although recent data suggest that waist circumference is more strongly associated with the risk for CVD than BMI 20 and that body fat percentage could be an independent risk factor for mortality.
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Accordingly, the aims of the present study were to assess the prospective associations between MDD subtypes, including melancholic, atypical, combined, and unspecified, and the subsequent change of adiposity in terms of BMI, waist circumference, and fat mass, or the incidence of obesity, in a population-based prospective cohort using a standardized diagnostic interview and anthropometric measures.
Methods

Participants
The data of the present article stemmed from CoLaus (Cohorte Lausannoise)/PsyCoLaus (Psychiatric arm of the Cohorte Lausannoise), 22 ,23 cohort studies designed to prospectively study mental disorders and cardiovascular risk factors in the general population. The sample was randomly selected from the residents of the city of Lausanne, Switzerland, in 2003, according to the civil register. Sixty-seven percent of the 35-to 66-year-old participants (n = 5535) who underwent the physical examination between 2003 and 2006 also accepted the psychiatric evaluation, which resulted in a sample of 3719 individuals. 23 Participants with a diagnosis of bipolar disorder, schizoaffective disorder, schizophrenia, or eating disorders at the psychiatric baseline evaluation (n = 159) were excluded from the present analyses because these disorders are likely associated with changes in adiposity. Among the remaining individuals who had undergone the psychiatric baseline evaluation, 3054 also took part in the physical follow-up evaluation, whereas 42 individuals had died during the follow-up interval and 464 were not available for the physical examination, resulting in a participation rate of 87% among the survivors. The mean (SD) duration of the follow-up was 5.5 (0.4) years. Compared with those who participated at followup, nonparticipants were more likely to be men, have lower socioeconomic status, be smokers, have a higher alcohol consumption, be less physically active, meet criteria for obesity, and live alone at the baseline evaluation. The institutional ethics committee of the University of Lausanne approved the CoLaus study (approvals 16/03 and 33/ 09) and subsequently the PsyCoLaus study (approvals 134/05 and 239/09). All participants signed a written informed consent after having received a detailed description of the goal and funding of the study.
Assessments
The physical measures were taken in identical ways at the baseline and follow-up visits. Participants had to have fasted for at least 8 hours and abstained from strenuous physical activity for 12 hours before the examination. Weight and height were measured in participants standing without shoes in light indoor clothes. Weight was measured in kilograms to the nearest 100 g and height was measured to the nearest 5 mm. Obe-1500 analyzer.
In addition, information on sociodemographic characteristics, current medication, and health-related behaviors, including smoking, alcohol consumption, and physical activity, was collected through a standardized interview. White origin was defined as having both parents and grandparents born in a restricted list of countries (available from the authors). Socioeconomic status was assessed using the Hollingshead scale. 25 Alcohol consumption was considered to be low if participants drank between 1 and 13 units per week and high if they drank 14 or more units per week. Participants were considered physically active if they reported physical activity for at least 20 minutes twice a week. Diagnostic information on mental disorders at baseline and follow-up was collected using the French version of the semistructured Diagnostic Interview for Genetic Studies (DIGS).
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The DIGS was completed with anxiety disorder sections of the Schedule for Affective Disorders and Schizophrenia-Lifetime Version.
28 Psychiatric diagnoses were assigned according to the DSM-IV. 29 The criteria for atypical features according to the DSM-IV requires mood reactivity and at least 2 of the following 4 symptoms: (1) increased appetite or significant weight gain, (2) hypersomnia, (3) leaden paralysis, and (4) a longstanding pattern of interpersonal rejection sensitivity. Because weight change was an outcome variable, we only applied the appetite part of the criterion, which requires either increased appetite or weight gain. For the melancholic features specifier, the DSM-IV requires either a loss of energy or a lack of mood reactivity and 3 of the following 5 symptoms:
(1) depression regularly worse in the morning, (2) early morning awakening, (3) psychomotor retardation or agitation, (4) decreased appetite (we did not consider weight loss as a criterion), and (5) excessive guilt. We could not take into account the criterion "distinct quality of depressed mood" because it was not assessed in the DIGS. Major depressive disorder was subdivided according to the history of atypical or melancholic features into 4 subtypes: (1) MDD with atypical features only, (2) MDD with melancholic features only, (3) combined MDD with atypical and melancholic features simultaneously or during distinct episodes, and (4) unspecified MDD with neither atypical nor melancholic features. For individuals who refused the DIGS interview at follow-up (19%), MDD status at follow-up was assessed using the Center for Epidemiologic Studies Depression scale. A score of 19 or higher was considered an indicator of the presence of a major depressive episode (MDE). 30,31 Interviewers were required to be psychologists, who were trained over a 2-month period. Each interview and diagnostic assignment was reviewed by an experienced senior psychologist.
Statistical Analysis
Analyses were performed using the Statistical Analysis System version 9.2 for Windows (SAS). Associations between MDD status and continuous adiposity variables (BMI, waist circumference, and fat mass) were established at baseline using robust rather than multiple regression models because the residuals did not reveal a normal distribution. The association between MDD status and obesity was assessed using logistic regression. Similar serially adjusted models were used to determine the associations between depression status at baseline and changes of continuous variables (calculated in percentage of the baseline value) or the incidence of obesity during follow-up. The choice of the covariates in the models was determined by the findings of previous studies that suggested potential associations of these covariates with both MDD and adiposity variables. The first model (model 1) was adjusted for sociodemographic characteristics (sex, age, socioeconomic status, ethnicity, and living alone). The second model (model 2) was further adjusted for the effects of comorbid anxiety disorders or drug dependence, treatment with antidepressants or drugs possibly inducing weight gain (a list and the way in which it was extracted is provided in the eTable in the Supplement) and health-related behavioral characteristics (physical activity, alcohol consumption, and smoking status) at baseline. The third model (model 3) was also adjusted for the presence of an MDE during the follow-up to assure that a measured association was attributable to depression status at baseline and not to new episodes that occurred during the follow-up. When the association between MDD and the incidence of obesity was assessed, all models were also adjusted for baseline BMI. We found a significant interaction between sex and depression status to affect the body fat percentage (sex by current atypical MDD: P = .04 and P = .006 in models 1 and 2, respectively). Accordingly, data regarding this outcome were analyzed separately for women and men.
Results Table 1 provides the sample description for all participants according to the MDD status. At baseline, 7.6% of the participants met criteria for current MDD and 36.7% reported at least 1 remitted MDE in the past. Among the participants with MDD, approximately 10% revealed atypical and melancholic episodes (combined), 14% had atypical episodes, 29% had melancholic episodes, and 48% had unspecified episodes. Among depressed participants taking antidepressant medication at baseline, approximately 75% reported taking selective serotonin or serotonin-norepinephrine reuptake inhibitors and less than 10% a tricyclic or tetracyclic drug. The mean (SD) BMI of the whole sample at baseline was 25.3 (4.3) (mean [SD], 24.6 [4.7] in women and 26.2 [3.7] in men). Table 2 presents the baseline BMI of the sample and the change of the BMI in percentage during the follow-up in function of the baseline depression status. Participants with current or remitted atypical MDD as well as those with the current combined MDD subtype revealed a higher BMI at baseline than individuals who had never been depressed. During the follow-up, the BMI of the whole sample increased by 2.6% (SD, 6.7%). After adjustment for sociodemographic characteristics (model 1), participants meeting the criteria for current atypical MDD and, to a lesser degree, those who met criteria for remitted atypical episodes or remitted melancholic episodes at baseline had a higher BMI increase than participants who had never been depressed. These differences in BMI increase remained statistically significant after additional adjustment for comorbid anxiety or drug dependence, lifestyle characteristics (physical activity, alcohol consumption, and smoking) and medication use (antidepressants and drugs potentially inducing weight gain) at baseline (model 2) and additional adjustment for the presence of an MDE during the follow-up (model 3). In contrast to the participants with atypical MDD, those with remitted melancholic episodes did not reveal a higher BMI than those who had never been depressed at baseline (Table 2) During follow-up, the proportion of participants meeting criteria for obesity increased from 12.4% to 15.5%. At baseline, only participants with remitted atypical MDD revealed a significantly higher prevalence of obesity than those who had never been depressed ( Table 3) . Among participants who were not obese at baseline, current atypical MDD strongly increased the odds for being obese at the follow-up visit regardless of the number of variables for which the models were adjusted (Table 3) . Similarly, remitted melancholic MDD predicted an increased risk for obesity after adjustment for potential confounders (models 2 and 3). However, the prevalence of obesity in participants with remitted melancholic MDD did not significantly differ from that of participants who had never been depressed at baseline (Table 3) The mean (SD) waist circumference of the participants was 87.6 (13.0) cm. Participants with current or remitted atypical MDD had a larger waist circumference than individuals who had never been depressed ( Table 4) . The waist circumference increased by 4.6% (8.3%) during the follow-up. Again, the presence of atypical MDD at baseline predicted elevated waist increase during the follow-up regardless of the number of variables for which we adjusted ( Table 4) . The mean (SD) fat mass percentage was 33.0% (7.9%) in women and 22.7% (7.5%) in men at baseline. The fat mass was higher in women with current or remitted atypical MDD than in women who had never been depressed (Table 5) . Similarly, men with remitted atypical MDD had an elevated fat mass at baseline. Depression status at baseline was only predictive of the increase of body fat percentage in men. Men presenting with a current atypical MDD at baseline revealed an elevated increase of body fat at follow-up. 
Discussion
To our knowledge, the present study is the first to assess the prospective associations between subtypes of MDD and the subsequent changes in adiposity in the general population. The most salient findings were that (1) MDD with atypical features is prospectively associated over a 5.5-year period with a higher increase in adiposity in terms of BMI, incidence of obesity, and waist circumference in both sexes as well as fat mass in men. (2) The higher increase of adiposity in individuals with MDD with atypical features is not explained by potential confounders including sociodemographic and lifestyle characteristics, comorbid mental disorders, antidepressant medication, or other potentially weight-increasing medications. And (3) the elevated BMI increase in individuals with MDD with atypical features is not a temporary phenomenon but persists after the remission of the depressive episode and is not attributable to new episodes.
The results of the present study should be considered in the context of several limitations. First, the interval of approximately 1 year between the physical and the psychiatric baseline evaluations entailed the risk for misclassifying current episodes at the physical baseline visit as remitted depressive episodes, which could have led to an overestimation of the effect of remitted episodes on adiposity. Second, in 19% of participants who refused the diagnostic interview at the follow-up visit, the occurrence of a depressive episode during the follow-up period needed to be determined using a depression scale rather than a diagnostic interview. However, it is unlikely that this limitation introduced a differential bias because participation at the interview did not differ across diagnostic groups. Third, participants and nonparticipants at the physical follow-up differed with respect to sociodemographic and behavioral characteristics, suggesting that individuals with a less healthy lifestyle were less likely to participate. Nonetheless, because only 13% of the initial sample did not participate at the follow-up, it is unlikely that nonparticipation introduced a substantial bias. Fourth, the data of the present study were based on an urban sample in Switzerland. However, although the particular features of the sample are likely to affect the prevalence estimates of diseases, it is less likely that they significantly affect the assessed prospective associations between depression subtypes and adiposity. Fifth, our assessment of physical activity only partially reflected daily activity and energy expenditure.
The observed strong association between the atypical subtype of MDD and an increased BMI and waist circumference confirms findings from previous cross-sectional research 16, 17, 19 and is compatible with the results of a longitudinal study with multiple assessments between ages 20 and 40 years. 18 As the association between MDD and adiposity was almost exclusively restricted to MDD with atypical features in our study, it is not surprising that the ORs of developing obesity for individuals with this subtype (OR, 2.41) was much higher than that of the association between the overall diagnosis of depression and obesity according to a recent meta-analysis of longitudinal studies (OR, 1.59). 12 The discrepant results from previous studies, which did not assess specific MDD subtypes, could be attributable to variance in the proportion of the atypical subtype. This is probably also true for the inconsistent results of previous research regarding waist circumference. Indeed, previous cross-sectional studies, which did not subtype depression, yielded 2 positive 32,33 and 2 negative 34,35 find- of the atypical MDD subtype with adiposity in current than in remitted depressed participants in our study was attributable to the higher degree of severity of current disorders. Indeed, individuals who were depressed at baseline were more likely to experienced long-lasting or highly recurrent depressive episodes, which was reflected by the significantly longer time they had spent in episodes than participants with remitted depression. Interestingly, participants with remitted melancholic depression, who typically have decreased appetite during depressive episodes, also gained more weight and had a higher incidence of obesity during the follow-up period than those who had never been depressed. However, these participants did not reveal a higher BMI or a higher prevalence of obesity at the follow-up than those who had never been depressed as their low baseline measures aligned themselves to those of individuals who had never been depressed across time. The weight gain of these participants likely reflected the compensation of the weight loss that occurred during the previous depressive episode.
Conclusions
The present study provides additional insight into the complex relationship between atypical depression and adiposity by demonstrating that the high comorbidity between this depression subtype and obesity is not simply attributable to the occurrence of atypical depressive symptoms in already obese individuals, but to a strong prospective association between the atypical MDD subtype and adiposity. Moreover, this finding strongly advocates the subtyping of the heterogeneous depression diagnosis in future research. 37 As suggested by previous research, specific depression subtypes are likely associated with different biological correlates and with differential pathways to cardiovascular risk. 37 Although it is plau- sible that increased appetite during depressive episodes with atypical features can lead to temporary weight gain, our finding of persistently elevated BMI increase after a follow-up period of more than 5 years, even in individuals with remitted episodes, supports a potential obesity-related pathway from atypical depression to CVD and other chronic diseases related to obesity. Mechanisms that could link depression and obesity include adipokine, pro-inflammatory dysregulation, alterations in the hypothalamic-pituitary-adrenal axis, 38, 39 weight-increasing effects of psychotropic medication, lifestyle factors (poor nutrition and physical inactivity 40 ), and psychological factors such as emotional eating and beliefs about one's inability to maintain physical activity behaviors in depressed individuals. 41 Other research also suggests the potential involvement of genetic determinants, such as the FTO gene, which has been shown to selectively favor weight gain in depressed individuals. 42 This gene could also be associated with the atypical depression subtype. 43 Another study supports a specific association between the atypical depression subtype and elevated inflammatory markers, which are well known to be associated with obesity, whereas hypercortisolemia was linked to the melancholic subtype. 37 Our results do not support a significant role of medication or physical exercise in the prospective association between atypical depression and adiposity, whereas the role of the hypothalamic-pituitaryadrenal axis, adipokines, and inflammatory processes in this association still needs to be determined in longitudinal research. For the clinician, the atypical subtype deserves particular attention because this subtype is a strong predictor of adiposity. Accordingly, the screening of atypical features and, in particular, increased appetite in individuals with depression is crucial. The prescription of appetite-stimulating medication should be avoided in these patients and dietary measures during depressive episodes with atypical features are advocated. Clinical studies need to determine to what degree the timely and appropriate treatment of depressive episodes with atypical features can prevent an increase of adiposity during and after such episodes and thereby reduce the long-term risk for CVD and other chronic diseases related to obesity.
